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ABSTRACT

Base line studies of water quality, hydrography, and benthic animal
populations at the Boston Lightship Dumping Grounds were carried out with-
out.prejﬁdice from July, 1973 to September, 1974. Earlier faunal studieg
by Verrill were not quantitative nor lecale nox seéiment specific, and

thus could not be correlated. No effort was made to obtain specific hydro-

" logical data on Massachusetts Bay from M.I.T. or consulting corporations

who have carried out or reported such studies and might prejudice this stu~

dy. An unsuccessful effort was made to determine the history of dumping on

- the site. During the pericd of study, no dumping was-authorized by the

Corps of Engineers until September, 1974, and oanly private contractors

' might possibly have been dumping. Short dumpings scheduled for the Foul

Grounds were believed to be observed in the Lightship Dumping Grounds but
because of difficulty in pin pointing pésition, could not be verified.

Surface and mid-water currents were not categofized because they are
weather depende;t and the general trend is well known. Bottom current mea=-
surements covered only a one-month period and confirmed recent and "ancient"
studies, i.e., the movement is steadily to the Southeast with a counter
clock-wise movement correlated with Boston tides.

The-water column above the site showed no specific differences in BCD,
DO, COD, or salinity from that expected in non-polluted areas of similar
depth in the Bay. Phosphates, Nitrites, and Calcium showed no peculiarities,
but the Law of Mass Action which has not been considered in mady studies
demonstrated that the steady state did not involve extraneous additions or
deletions.

The benthic fauna appeared to occupy all available living space.
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Early studies of the Bay gave no information as to population densities

N nor diversity, and thus opportunists vs. normal inhabitants could not be
isolated. This would require follow-up studies after é period of dumping;
Species diversity and abundance was high at all stations except for an
area of bare hard green clay. The presence of a set of mahogany quahogs
indicates the potential of the environment to support a population of com-
mercially important species. The question of man~made vs. natural environ-’
ment is not resolved by the data herein assembled.
" The biomass of polychaets and pelecypods would indicate a high potent-
;‘f. . ial for feedingfof bottom dwelling fin~fish., Young of such fin~fish wefe )
o ‘taken in this study. Ia any open sea or bay environment, the movement of
fin-fish is a v#riable, and the failure to obtain species is not considered
@g& | to be significant. [ihe absence of goldenrod pollen'grains in an air sample
taken by an airplane flying over Nebraska in July does not tell one anything
.about the presence of goldenrod (any speéies) there at the tidé]
'Dn tle basis of these preliminary studies, it is concluded that where-
-ever gumping has occurred on the Boston Lightship Dumping Grounds, there
has been a repopulation. Eyrther, the dumping may have stressed the existing
benthic'pbﬁqiation, but no stress is apparent in the populations that have
taken over. The biomass is large both 1& species and abundance, Whatever
"desert” occurred following dumping (of dredge spoil?) no longer exists, and
~~possibly {to be determined by future studies) physical factors have improved

the environment for species diversity as well as species abundance.



INTRODUCTION ' '

Preliminary studies on the Bbston Lightship Dumping Grounds were car;
ried‘but over the period 24 July, 1973 thru 25 September, 1974. The area
of the Dumping Grounds extends from 70%43'2"™ to 70°36'8™W. On the West
side it lies between 42°18'7" and 42°23'1"N and flairs North and South so
that the eéstward edge lies between 42024' and 42°18'3" North Latitude.
The purpose of these studies was to obtain base-line-information during a
period in'which the grouhds vere not being used for dumping.

In Septembé}, 1974, point dumping was authorized in a one-half mile
radius around a buoy located at\42°21'14" North Latitude and ép°40'12"

e e e e T
West Longitude, Permanent stations were then-selected at a distance of ap-
proximately 200 meters from the edge of the circle at the SE, NE, NW, and

SW corners. These stations will be used for monitoring.

WATER QUALITY

Samples from the dumping ground were imitially taken semi-weekly, how-
ever, statisfical analysis of results showed that bi-weekly sampling (weath-
er permitting) would yield the desired information for this first phase of
the dumping ground study. Subsequent samples were taken less frequently,

No reference to tidél cycleé was. recorded but the time (E.D.T.) of
sampling and the gross meteorological observation were noted. The phase of
the tide can be obtained from "Tidé Tables, East coast of North and South
America”, |

A number of samples were taken outside the dumpirg area for comparison
purposes, In parallel with water quality studies, a small number of sediment

“l-



INTRODUCTION ‘

Preliminary studies on the Boston Lightship Dumping Grounds were car~
ried out over the period 24 July, 1973 thru 25 September, 1974. The area

of the Dumping Grounds extends from 70%93°'2'" to 70°36'8"W. On the West

~ side it lies between 42°18'7" and 42°23'1"N and flairs North and South so

that the eastward edge lies between 42924 and 42°18'3" North Latitude.
The purpose of these studies was to obtain base-line information during a
period in which the grouhds were not being used for dumping.

in Septembei, 1974 point dumping was authorized in 2 one-half mile

West Longitude. 'Permanent stations were then selected at a dlstance of ap~-
proximately 200 meters from the edge of the circle at the SE, NE, NW, and

SW corners. These stations will be used for monitoring.

WATER QUALITY

Samples from the dumping ground were initially taken semi~weekly, how-
ever, statisfical analysis of results showed that bi-weekly sampling (weath-
er permitting) would yield the desired information for this first phase of
the dumping ground study. Subseeuent samples were taken less frequently,

No reference to tidel cycles was. recorded but the time (E.D.T.) of
sampling and the gross meteorological observation were noted. The phase of
the tide can be obtained from "Tide Tables, East coast of North and South
America’,

A number of samples were taken outside the dumpirg area for comparison
purposes. In parallel with water quality studiles, a small number of sediment
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:f:.samples,weye analyzed for selectqd heavy metals, sulfidgs,,and humzc sub

stances., A laboratory lnvestlgatlon of oxygen diffusion in seawater was
also made. ‘ |

Water samples were taken at the surface, at a location 1-3m above the
bottom and at a point midway between the surface and the bottom. Mid-depth
gndlbotfcm samples were taken in 'Nansen' bottles placed on a cable at
depths determined from the ship's sonar depth guage. Depths recorded are
.¢able length depths. Surface samples were obtéined as grab samples taken

just below the surface layer to minimize contamination from floating impur-

ities. Temperatures were taken from readings of protected reversing thermo-

b

meters. Sediment samples were taken with a"SmLth-McIntyre' grab and with
8 'boémerang' corer.

Water samples were stored in D. O. bottles. The diséolved oxygen sam=-
ples were immediately preserved.with alkaline iodide and manganese iI sul=-
fate. Chemical Oxygen Demand samples were preserved one hour after sampling
Biological Oxygen Demand samples were anglyzed 72 hours after sampling. All
water samples were stored in the dark at 15°C. Sediment samples were stored
in 'Whirlpaks' frozen until analyzed.

Salinity values were obtained from chlorinity titrations using a modi~
fied Knudsen titration procedure. Oxygen measurements were made using a
modified Winkler titration. The Winkler modification used a nitrogen purge
to deoxygenate the blanks. Nitrite corrections were not made on the oxygen
results, Surface samples were not analyzed for dissolved oxygen since pre-
liminary measurements showed these samples to be saturated. The dissolved
oxygen was compared to the saturation value obtained from the tables by Mur-

ray and Rileyl. The % Biological Oxygen Demand was calculated using actual

1Murray and Riley Deep Sea Res. 1G: 311 (1969)
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ntent fof midWater and bottom'samples‘and.usiéé§¥ﬁe~saturation value fbrzﬁmﬁgﬁéﬂw%
;he surface sample. . '
L Calcium ion content was determined on filtered samples using a photo=
metric EGTA titration procedure. ‘The calcium ratio was calculated as a
measured value versus the expected value computed from the chlorinity using
Marcéts'.érinciple.
Analysis of nutrients and trace Constituents were made on filtered
- samples, The nutrients were determined spectrophotometrically, the trace
metals were detected polarographically and by atomic absorption spectrometry.

The nitrite was determined directly by a diazotization color development.

The nitrate was determined by difference using a cadmium reductor prior to

e
o ...color development. Phosphate was determined by the moiybdenum blue method.
Sediments were extracted witﬁ acid and the extract analyzed.for se~
S lected heavy metals. Alkaline extracts of the sediments were measured
: | spectrophotometrically for humic acid content,
-

Analyses were made in duplicate.

RESULTS AND DISCUSSION

Salinity and Temperature (Appendix 1, 2, 3):

As expected there was a seasonal variation in the temperature, the
largest fluctuétions were at the surface (3.5o to 19%). Mid-deﬁth and
.bottnmwﬁﬁtet_tempenatufes had smaller fluctuations (3.5° to 12°% and 3.9°
to 9% respectively). ?he range of temperature with depth was very large
in the early fall ( 10°c)‘and small in early spring ( 2%). Tbemsalinity

variations did not have appreciable seasonal dependence, however, at the sur-

face large salinity fluctuations were measured (29.4% te 32.2%). These vari-

ations are due to evaporation and the influx of freshwater., At mid-depth and
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at - the bottom sallnlty varlatlons were much smaller but above the error
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level of the analys1s method, There is a positive correlatlon between sa~

linity and depth (r= .72).
The salinity and temperature measurements indicate the existence of
a positive density gradient which is large in the late summer and fall and
. which is small in the late winter and spring; the presence of this gradient
inhibits mixing and is probably one of the causes for low oxygen levels
even in shallow water. The mixing that does occur is probably caused by
currents‘and tidal flows. Measurements of temperature and salinity at the

edge of the dumping ground and well outside of the dumping ground 70° 45'W,

420 21'N) showed no significant differences when compared to dumping ground

e measurements, *

Oxygenland Biological Oxygen Demand:

The dissolved oxygen (Appendix 5) in the water did not differ signifi- ﬁf)
cently‘betWeen mid-depth water and water taken 1 to 3 meters above the bot-
tom; however, a few samples taken oe the bottom containing sediment had
lower levels of dissolved oxygen. Some eeasonal variations of dissolved
oxygen were noted in samples taken below the 20 meter level. Some of the
dissolved oxygen.variatioes.are due to water temperature changes, but even
after correeting the values fofrthe decreased solubility of oxygen at high-
er temperatures there is still a seasonal variation. The dissolved oxygen
values below 20m vary from 50 to 80% saturation in the spring and summer
but drop to'ﬁo% saturation levels in the fall. Higher saturation values of
dissolved oxygen were measured in locations outside the dumping ground; how-
ever, since only a few measurements were made outside the dumping gflound,

any conclusion based on this information needs further verification.

Chemical Oxygen Demand (COD) measurements were made on samples treated
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values proved to be highly variable and far too large based on other inform=-

ation available, It is probable that Biological Oxygen Demand contributed

to the values obtained. No conclusions were drawn from the COD measurements.

Biological Oxygen Demand (BOD) below the 20 meter level for clear water
varied from 5 to 307% of the available oxygen. Since the available dissolved
o#ygen varies on a seasonal basis, the absolupe BOD is also seasonally vari-
able. Although mid~depth BOD values did not significantly differ from the

BOD measurements on water taken 1 to 3 m above the bbttom, water samples

" taken on the bottom with sediment showed a very high BOD. The sediments

contain humic acids and probably other organic material that contribute to

. the high BOD. Surface water BOD parallél the measurements below 20m but at

a much higher level, 25 to 55% of the saturation value, On an absolute

basis this is even higher than the subsurface values which are based on

.lower levels of oxygen.

Caleium Ion:

Caleium is a conservative element in seawater, However, variations in
the ratio of observed calcium to calculated calcium can be caused by an in~
flux of calcium from external sources. High calcium ratios could be ex-
pected where there is a large river water input and where dumping of calcar-

eous materials occur in conjunction with low pH values. Very few high ratios

‘Jimme observed, .and within method error limits almost all ratios were unity

(Appendix 6).

Nutrients: 7 L §
Nitrite concentrations (Appendix 6) fluctuated widely (3 to 53 ppb).
No seasonal, depth or location trends were observed. Inorganic phosphate

concentrations were also highly variable (0 to 80 ppb) generally water

»
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RN sampies dﬁring W1nter énd early SPring months %ad higher phosphate levels

(Appendix 6) than the rest of the year, however, the trend is not a strong

N one,

Trace metals in seawater:
" Several seawater samples were semi-quantitativély analyzed for lead,

zinc and mercury and were found not to exceed the expected values for un~

polluted seawater.

Sediments:

Only preliminary semi~quantitative analyses were perfqrmed on a small
number of samples, therefore any conclusions must be provisional. Humic
‘acids and organic materials are present in greater than trace quantities.
Heavy metal sulfides are present indicatiqg anoxic conditions in some loca-

tions. Iron, copper and zine are present in the sediments in trace amounts ?ﬁ)

probably as sulfides.
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THE BENTHIC POPULATIONS

"
Methods
, Equipmenf fér benthic'sampling at the stations consisted of:
Smith-McIntyre Grab « Stations 10A, B, D, E.
Scallop Dredge - Station 10 DrA,
Higgins Epibenthic Sled - Station 1-10, 11-21, 26, 30, 32,
Van Veen Grab - Stations 21-26, 27-30, 31, 33-54.
Substrate-was washed by running seawater and collected on 2., 1., and
.0.33 mm, screens., During the éummer months, the animals were anaesthetized
and preserved in formalin aboard ship. In cooler weather, the spgcimens
- - " were kept on a running seawater table in the laborato:y prior to a cursory
| softing and then anaesthetized.and preserved. Sorting and counting was
Gﬁﬁ done under a binocular dissecting microscope. The number of individuals of
each species was recorded. While the Van Veen Grab has proved to be reli-
N

able and efficient on soft.bottoms and some statisticallweight can be given
to results obtained from three samples fromla station (recommendation of

the Baltic Marinpe Biologisté 1973) too many variables are present for dog~
matic 1nterpretations'of-reSults. In the results, some figures of density

per O.IM2 are given, but these are only considered indicative. Densities

in the faunal list are indicated: -
' - present
. » common -~ ( 17-100)
.. &bundant~ (100-500)
+ss very large numbers that mask the
remainder of the sample. (over 500)

Results

]

Dumping ground substrate varies randomly, There is a central arca

r‘ r
¢

N ) and which only yielded loose fragments of clay and a few rocks with the Hig~

(see map) of rock-hard green clay which could not be sampled with a grab

gips epibenthic sled. Fragments of the clay showed borings, but the animals

-
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that produced the holes were not recoveréd. The roéks were well populated

by barnacles (Balanus balapus), brachiopods (Terebratuliné septentrionalis},

polychaets (Hydroides uncinata, Spirorbis sp.) and ectoprocts.

A number of dead Littorina littorea were present at station 31 indi-

cating a dumping of material dredged in shallower water. Fresh eel grass
{(Zostera sp.) was encountered at Station 20 possibly indicative of recent
dumping near the station, but the population on station was indicative of
a stable pophlation.
Fin fishes, lobsters, and crabs were not obtained in the four efforts
- with an otter trawlimade at different times of the year. On 5 September,
. 1974, two two-inch flounder and one three-inch hake (Merlucius sp.) were ob-
tained in the Higgins epibenthic sled at statifon 30 at the SE corner of the
e grounds. No effort was made to sample for fish in the ﬁater column since ﬁj)
the fish population in the Bay was not uniform and an absence of fish would
v not be indicative of anything concrete. The zoopiankton thfoughout the stu-
”;ffz . dy was comparable to that of the same day taken approximately 200 yards off
¢ oni - East Point, Nahant, except that callanoid copepods were always more.abundant
‘ ig samples from the dumping ground, énd cladocerans (Evadne and Podon}less

-

abundant.

In general, the substrates can be characterized by dominant species =

silt-clay - Spio filicornis, Maldane sarsi

. sand-gravel -~ Prionospio malmgreni

- Co YooKy «~ QOphiopholus aculeata, Ophiura robusti

Forty-eight percent of the non-sessile organisms at station 5 consisted

of Ophium robusta. Eighty-four percent of the non~sessiles at station 27

consisted of Spio filicornis (1100 per O.IME’but eighty-eight percent at sta-

2.
s tion 32 were Maldanc sarsi (1050 per 0.1M ). Only at the sandy station 30




A
.‘~|'

. " - . . “ s -0t "
CRTEN T ag et r oA e S R A U
PR . L= -

. . . A B . . . . RN e . v S - R A ' " o,

APl b
bt

fa
wv'

5
:"
.

M ' -. ...' . ', . _“ * ey B -,
,“- .p " r ! 3 Cag [ T e R Y
B .u -rl ~‘g»-! Ry >= N ,.- ,“.., A ',,,-'r— Pl .-.-“-.,.‘, 23 --v?, ReE R BT
. . . . ‘- - e . * LECETE

did epibenthic'organisms predominate, i.e., the amphlpod Corophium crassicorne

{1340 per O.IM )} and the cumacean Diastylus quadrospinosa (144 per 0.1M Y.

Species diversity ranged from a low of fourteen at station 15 to a

high of eighty-~two at station 3. The species recovered from station 15

indicate a failure of the gear since twenty-seven percent were Prionospio

malmgreni and forty-two percent were Spio filicornis but large numbers of

Nephtys were present and only one specimen of molluscs, Nassarius trivitatus

was in the sample., This sample might have been on the clay-sand interface
but was characterized as clay., No nematodes were present in the samples from

stations 4 or 15, but station 4 was primarily rocky. Stations 10A, Dr A, 14,

16, and 29 had a very characteristic mud fauna - the mud starfish Ctenodiscus

crispatus, the polychaet Sternaspis scutata, and the aplachophoran Chaeto-

derma nitidulum. One specimen of the latter specles also occurred at sta=

tion 1, Oddly, the mud dwelling sea cucumber Caudina arepata was only taken

at station Dr A and only one specimen there. This was the only station sam-

pled with a scallop dredge. Station 10A yielded the only specimen of the

mud-silt polychaet Sphaerodoridium minutum, and the solitary ascidian Bostri-

chobranchus pilularis was only taken at stations 23 and 27 and in neither

situation was it abundant. "The discovery of only a single specimen of Ceri-

anthus americanus is also difficult to understand as is the occurrence of

only one specimen of Dentalium sp. at each of three stations.

At station 25, the pelecypod Nucula tenuis had a density of 167 per O.IM2

and Thyasira gouldi 171 per 0.1M2. The highest incidence of the polychaet

2
Spio filicornis also occurred at this station, i.e., 2,350 per 0.1M .

Station 25 is about 200 meters from the SE edge of the area in which
dumping began in September 1974, It had the highest population density of any

station which was sampled, i.e., 2,916 macro-organisms exlusive of nematodes
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pet O. 1M " Forty-four épecles of macrOFanlmalé were encountered. Stationd

29 and 34 in the same general area had much lower densities and diversity,

but Spio filicornis, Nucula tenuis, and Thyasira gouldi predominated as at

station 25. The substrate throughout the three stations was basically sim=-
{lar (see sediment analysis for station 29) and appeared to form a belt ex-
tending eastward from stations 14 and 15 to the edge of the dumping grounds.
The hard clay bottom extends South of this belt to a 1ine‘between stations

24 and 27. Young mahogany quahogs, Arctica islandica occurred in the tri=-

angle between stations 24, 26, and 27; however, the area was not sampled
with a scallop dredge for adults, At station 27 the population density of

young Arctica islandica was 43 per O.Hﬂz.

Neither physical nor biological stress was indicated in any of the com-
munities with the possible exceptions of 10B and 15. Species diversity at
both stations was low, 14 species and less than 100 animals were obtained.

b

Station 10B was characterized as a gravel substrate, but over 30 peréent of

the animals were polychaets, Prionospioc malmgreni. At station 15, the sub=-

strate was clay and Spio filicornis constituted 27% of the animals which

were recovered. In both cases, it would appear that there waé a failure of
the collecting gear, Thus, while these samples might possibly indicate a
stressed community, the indicator species favor gear failure,

Physical stress probably holds for the hard clay area, but in the ab-
sence of adequate sampling methods this can only be assumed.

Species diversity and species abundance as indicated by repeat sampling
at the monitoring stations (29 and 34, 19 and 35, 33 and 36, 31 and 37)
show considerable variation. Fifty-six species were encountered at station

19, and thirty-nine at station 35, but in both cases, Spio filicornis ac=~

counted for about 50 percent of the animals present, with the pelecypod,

x‘,-v \n

()




Nucula tenuis con

stituting about 10 percent, It is regrettable that vessel

location and bottom sampled cannot be more accurately pin-peinted. Stations

are designated by vessel location at the moment of sampling. Wire inelina-

tion was not calculated for stations prior to station 29.



CURRENT STUDIES

One EG&G Model 102 in-situ current meter was deployed from July 12 to
August 14, 1974 in the Dumping Ground, Massachusetts Bay. The current meter
was positioned on the mooring to record currents four feet off the bottom.

Bottom currents at the Dumping Ground are variable in regard to speed
and direction. In general, velocities are low. The mode of the current
speed is about 0.1 knots, but currents were recorded up to 0.4 knots.

The Lisplo_of current speed and direction in time (in Appendix) indi~
cates that currénts vary with the tide, being weakest at times of high and
low tides at Boston. The Lisplo also shows that current direction is not
of the simple reversing type. However, the géneral trend of flow is away
from Boston after high tide and toward Boston after low tide. A counter-
clockwise rotary tide is the most éommon type‘bf flow,

As can be seea on the polar coordinate histogram of direction (Figure

the most prevalent directions of tide were to the southeast and northe-
west, but tides were recorded in every direction. The plot of rotor speed
versus direction shows essentially the same reéult, with the greatest clus-
ter of poiﬁts in the southeast direction.(120°).

The progressive vector diagram (Figure indicates that the general
trend of advective flow was ﬁo the southeast during the period of the deploy-

ment.

-12-
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GRANULOMETRY

Granulometric analyses were carried out on three stations, #28, #29,
and #31. These samples were all taken from the van Veen grab., Follow-up
anélyses at the monitoring stations are being made with a."boomerang" cor=
er. The percent organics is deemed to be low and the silt is probably al-

so low because of the shock wave produced by the van Veen grab.
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Grain Diameter AR ﬁgg o $#29° 31

————

£
¥

Nz, 0 mm Very Coarse Sand 0.418 0.36

1.0 woooww 0.136  0.239 1.20

T

0.5 Coarse Sand ' " 0.405 0.590 6.03

0.25 Medium Sand ©1.635  2.510  23.60

AY

0.177 Fine Sand 1.778 4,840 17.90

0.125 woo 2.310 3.285  15.25
0.088 Very Fine Sand _ 2.950 29,150 11.60

0.063 Silt o ~ 5.500 17.150 5.77
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0.044 From #29 on: 3,250

e

0.037 .063 —> .0312 0.583 14.300 6.90

St i, St
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0.0312 ( Fo ,0312 — . 0156 13.320 8.140 5.06 Al ‘é
) #28 ‘ _ } e
0.0156 ( only ,0156 —> .0078 15.510  6.490  3.16 y F{
°S | o
__0.0078 ( .0078 —— 0039 w400 2,898 L.O7 1
v

)
0.0039 ( W/ <.0039 clay 5.430 5,680 2.10

0.0039 > clay ' 32.400

Total Percentages

9. Sand - - - 9.632  45.614  75.9
% Silt ' - 57.993 48,978  21.96

% Clay | 32.400  5.680  2.10

Number of Larger Grains

Cobble (64 —>>256 mm) - 2
Pebble ( &—> 64 wm) 36 56 Few

Granule ( 2 4 mwm) Many Many . Many
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Organics Percent ' - - 4.05

st



N
i APPENDIX
o
‘v, .

H



MONTHLY AVERAGES

-16

204

c
P

]

TEMPERATURE
@ S
{

K
cad

b
1

1973 _ 1974

SALINITY AND TEMPERATURE

SURFACE WATER
i




/

AVERAGES

{

]

MONTHLY

°c

-16

164

Zl

124

10

TEMPERATURE

¥ ] T T T T

[

J F M A
1974

SALINITY AND TEMPER ATURE
MIDWATER (17 -29M)

19

Lo

pee



/

AR
]

ﬂ‘.'.;;\ .

‘_’_'_’?

!

{

MONTHLY AV

ERAGES

S %o

°C

TEMPERATURE

CY-E

31

30-

29-

12-

10+

] t

-4

S v N

1973

SALINITY AND TEMPERATURE
BOTTOM WATER (35-68M)

|

-

20

-

L
1974

1

18



DEPTH IN M/

(O

204

40-

50+

60

F0+

80 -

it

J... t ;_‘.‘.-’:. 4 AT ey A '-_. .‘_.:.‘_ ~
. SRARE | 6 AR A AR T RN
. ! . X
| ) d &
WG RN

T I S B 7 L VNI S I R
Yo ENVELOPE " ~ " R it L nand

ese COa%0 0 @ -

§

SALINITY vs DEPTH
JULY 1973 — JUNE 1974

i

&
“‘*—L'




| Q SURFACE WATER
E} M‘.DMAIFR i
S r‘PL gl ’ .!" - ‘

N ROt Tom WikeR

f'r.'H.

ﬁ
S L9
D 50
3

SATURATION & ™
T N -
o
B
=)

%

8 3
=
=

o
o

oo

o
T

MONTHLY AVERAGES
p@

]

] ¥ ¥ 1 ¥ L] ] 1 1 L

A S 0 N D 4 F ™M A m
1973 1974

OXYGEN CONTENT OF DUMPING GROUND WATER

o

-2



e Pl
R R

U MID WATER
_ | + BOTTOM WATER

/
f_

MONTHLY ' AVERAGES

96 +

94

RATIO Ca FOUND / Co EXPECTED

93 -

92 u
ol |
901

83

-

t T T T L)

J A S O N D J F M A M
1973 1974

e

-
-
-
-
-

~ CALCIUM IONS IN DUMPING GROUND WATER

13

b qar a g P s e e = . -

OSURFACE WATER




'h A%

e it
A ®suREACLWAIER_.._

TR MIDWATER Wm!
- ABOTTO

mwA_TEL;'

NITRITE NITROGEN PPB

T R R
_.8 _. : = : " - i:[‘%._-_ — ]
4 e SN SRS PSS KNS SR O A
R R R e ey s Lol et e Bt
EVHG élEli i HEE '
5 - E @7&*
| SN HEEEIRE
_4‘ %1 !
-l . MR T B : i . & ;
: L I A % ":'® i
R R R O :
3 & —go— _ e Pt 5
! o - } o
e Ll
| h__(é').. ! - i 1*




¢

tert i
. -
LN
. - . e ™ P2 ind
R m. E LA _hw...w
w N
- & ——
% ...a .
P - -
Yooy
e s
. ot
¢
o ...M...
. et
- il -!
L4 -
T
W
y
H
a- 3

g m—— e

I
!

R I
: |- :
[

1
1
]
|
1

:_.“ | .-.-:u'-.’_;";f-_':?., ;

.

} @ SURFACE WATER®

- 2 MIDWATER
{ - * BOTTOM WATER

..
LA .
Sow

in273a

111111 .I[-!.‘

e

!

L

.W. .

Y

o R 1R AN N AN B A A _+m SOSTRUNN O NP DN IOOVEEI L 0 I I [ 600 At A0 O (OO OO0 SO DOUUY PUDIY NI SPOPPIS B
Rvet SN I VIS NS S0k SISO SOSA SRt S IS R SR SRR SR TLSoURa T B A 1t 0 U VY O SO AN KIS0 AN SSAuiet DU A
sebll L B ey SR L IAEAE | L
S T P ) 1 ]
R N T S I T STRRRE S DRI SRS m
...u..”,..“ 1 _ i . . ! . )
L ¥ el A I ] _ : T uE T -
”o.... Aﬂ _ i . ! Ca . . B
¥ ] R RSSO m

. e | t i b crrt _ _. '
s ] B E N O (SO IROR PR @
.. _mum._.nn .ﬂ. ! v ;t +|.|| l..n!:..iit.rr...t u: w JUUN VR DR DU IVORY VN TS Y SN SN (SRR SURPRE R
..‘ A . - - . . ) [ S . T ! H
-.S..ﬁ_ “ 1 St B ..... . @_
2O ] S IO el s IS _

D I Pt L oS o . 5
ﬁ_.”_..m#“.m.. m, lE | el A T @ Al O AR R 1 .
N? [ _ 1Y DU L IR PETERO : _ - T N Y
e ‘_‘ I I OO TUU [OORS AOURN EOORE RO SN BRI
J D e 1] . R UV B R D _ ......
=S S : i
SRCE YRR I L R IOOOS DAOA OO SO i ﬂ T 0 A EOOR SO St S T FERE RO
" .N.‘.,_. ,ﬁ . VN I Ll N ; IO I L A A N
....rl.sar. : i _ . .. .. : . . : : ! . . ‘ _ — . !

e m% %_m,wm.o _.m O _mu,_ ey o_o.?;R_v _R.u. : I &

R R O R N N (SR EROSA WS S5 OO DS0% RN TN NI i

| _ ! ____.ﬁ sl w:_ﬁ”:_.“ o _ gdd ' m:mozmmoxL ,zqwmoz" . H

T w0 M~ W ) C3 m o'

Vit

e
0 '.ll'
" !-—ou’

)
3
7
>
5



Ve s
B -
Vel TIREIS

Y
[

»

Wt

APPENDIX XI

present

common (17-100)
abundant (100-500)
over 500

(meiofauna not included)
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BEPTH  TEMP SOZOO D, o SATURTN B 0.7. e . NOQ N INORG P
M og PPM % % 3 RATIO PPB PPB
7/24/73  T0°39'W, 42023'N
) 29.90 4.8
29 7.2 31.84 6.66 68.2 24.2 1.07 4.8
61 5.4 32.10 6.39 61.7 22.1 .98 3.0
8/7/73  70°40'W, 42023'N
0 19.8 30.47 16.3
23 7.3 31.30 5.69 58, 1 9.3 .99 7.4 40
44 6.5 31.54 6.95 69.6 9.0 .95 24.0 52
8/9/73 . T70°40'W, 42°23'N
18.8 130.26 25.7 8.7 .96 1.8 16
26 9.6 31.27 4.54 48.7 8.4 8.7 .92 1.8 36
55 6.2 31.91 5.21 51.9 28.4 9,2 .96 .7 28
8/16/73  70°40'W, 42022.5'N
0 17.9 30.47 16.2 9.0 .98 25.0 21
52 6.2 31.88 5.84 58.2 27.6 8.8 .92 . 5.9 15
8/21/73 70°40'W, 42919\ (Station 4)
0 18.5 30.68 6.2 9.0 .97 46.0 15
14 12.5 30.87 7.18 81.9 10.7 9.4 1.01 1.7 22
27 7.1 31.24 5.78 58.8 5,7 7.6 .81 .3 58
8/21/73 .
0 19.0 30.29 6.5 10.2 t.11 2.9 20
26 10.1 30.99 7.33 79.4 7.5 9.4 1.01 1.4 24
50 6.4 31.60 5.88 58.8 1.4 9.5 1.00 3.0 52
8/23/73  709°40'W,42019'N |
0 18.1 30.29 11.6 9.1 1.00 1.5 36
29 7.2 31.67 5.68 58.1 12.1 9.1 .96 2.1 51
58 6.1 31.11 5.40 53.5 10.2 9.5 1.02 16.3 36
8/23/73  T0°45'W, 42°21'N ~
0 17.5 30.60 13.2 9.2 1.00 1.2 11
12 16.5 30.95 6.28 78.0 ©19,2 8.2 .88 26.0 19
27 7.3 31.51 5.57  57.0 11.5 9.5 1.00 34.7 38
8/27/73  70°35'W, 42035'N
0 18.4 30.50 19.6 9.0 .98 3.0 17
29 7.9 31.56 5.80 60. 1 15.5 9.8 1.03 6.0 44
55 6.7 31.85 5.72 57.6 12.2 9.6 1.00 53.0 56
9/11/73  70°39.5'W,42°23'N "
0 17.0  29.41 . 51.9 8.9 1.01 1.3 1
11 7.3 30.91 4.04 41.2 10.8 9.2 .99 1.2 28
22 6.1 30.29 3.94 38.8 12.0 9.4 1.03 4.9 34
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. ,srg WATVW ANAIY;IS (Cori )

R ’I)EP'I‘H" TF"’IP 3‘0766“1* 1}~?0 'SATURIN. ”Bﬁ B *da"“ YR “’m‘e R ORG: S
- M - oC . . .. PPM. % . % Mx103 RATIO PPB "PPB

\,f/18/73 70°41'W, 42921'N

0 15.5 30.24 54,3 8.9 .08 0.6 8
21 8.9 31.36 3.50 37.0 10.4 9.4 1.00 2.2 19
41 6.8 3‘;-47 3085 38.8 - 9.8 901 096 0.2
10/12/73 70°43.5'W, 42019'N (Near Station 13) '
0 13.9 30.33 53,1 7.6 .83 36.0 0
17 11.3 30.54 3.89 43.3 8.3 6.3 .68 39,0 16
35 9.0 31.56 3.49 37.0 8.0 9.4 .99  16.0 43
1/24/74  70°41'W, 42°24'N
0 4.5 30.82 25.1 9.3 1.00 1.9 48
21 4.6 31.84 7.25 69.4 11.6 9.1 .95 1.9 47
41 4.7 30.89 T.26 69.3  12.5 9.3 1.00 3.0 - 49
3/2/74 T0040'W, 42023'N :
0 3.5 30.77 45.4 9.4 1.01 15.0 81
23 3.6 31.21 5.39 50.2 21.7 8.2 .87 3.6 10
46 4.5 32.34 5.05 48 .4 18.4 10.0 1. 02 3.8 80
3/15/74 : |
-0 . . 4.2 31.88 41,9 10.1 1.05 5.3 29
4.1 30.90 : 9.7 1.04 6.7 42 )
| 4.3 31,07 9.9 1.03 3.9 44
_3/28/74  T0%41'W, 42022'N -
- 0 7.4 32.16 37.9 9.9 1.02 3.1 28
27 4.3 32,28 5.58 53,2 22.4 9.8 1.01 11.0 30
55 3.9 32.27 5.57 52.6  24.6 10.0 1.03 5.3 35
4/18/74 70°939.5'W, 42021'N :
5.8 30.64 37.2 9.6 1.04 3.7 9
30 4.0 31.97 '5.49 51.9 21.5 9.9  1.03 3.4 29
59 4.0 32.04 4.73 44,7 17.3  10.0 1.03 5.7 34
4/18/74  70939'W, 42°23'N |
0 5.8 30,57 41.7 9.6 1.05 4.4 29
35 4.0 31.89 5.46 51.6 22.7 9.7 1.02 4.7 22
70 4.0 31.86 _4.84 45,7  22.5 . 10.4 1.09 3.0 47
4/26/74 |
- 0 6.0 31.06 40.6 9.5 1.01 7.3 17
32 5.1 31.28 5.67 54.9 22.6 9.7 1.03 8.4 22
64 4.0 32.36 4,88 46.2 20.1  10.8  1.04 8.8 31
R
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aEg_WATLR AN&LYSIS (Ccnt )

s A LA s e aE L T
DEPTH TEMP So/oo D.0. SATURTN. B.0.D.
M oC PPM % %
8/1/74 70938.9'W, 42023'N Station 28
0 19.7 31.30 5.43 74.6 39.1
37 7.5 31.94 5.77 62.0 48 .4
73 6.2 32.10 5.14 53.6 55.7
8/27/74 T0°38.9'W, 42023'N '
30 7.4 31.94 3.13 33.6 62.6
61 6.9 31.84 2,03 22.5 64.8
9/11/74 70°38'W, 42923'N
0 18.0 31.22 5.62 59.9 38.5
29 10.1 31.91 5.05 34,2 28.9
. 59 7.2 31.64 4.8 58.8
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-
“Station # Bottom Type
1 sand
-2 sand, rocks
3 clay-silt, rocks
4 rocks
5 rocks
6 rocks
7 silt-mud, rocks
T~
8 _ silt-mud, rocks
9 rocks, gravel
11 rocks
12 mud, rocks
N
- 13 gravel
14 clay
15 clay
16 mud
17 mud
18 mud
19 mgd
20 gravel
23 rocks
24 clay
26 mud
30 sand
~— 32 silt clay

[ .
T 4

Date
8/ 7/73
8/19/73
8/16/73
8/21/73

9/ 6/73

9/ 8/73

9/ 9/73
9/ 9/73
9/ 9/73
9/17/73
10/12/73
10/12/73

10/13/73

" 10/13/73

10/13/73
4112774
4119/74
4/27/74
5/ 4/74

5/29/74

6/ 2/74
6/19/74

9/ 5/74
9/ 9/74

- .
EEER )
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A R P QAT FRATEVE . SAMBLENG T S

(Epibenthic Sled)

t
Lo

Depth  Noted No.
Latitude Longitude in Ft, Animals Species
42°22750"  70°40' 00" 110 118 29
42°22's50"  70%39'70" 180 - 121 32
42°22730"  70°40'43" 170 677 82
42°19700"  70°40'10" 170 177 26
42°22'90"  70°%2'95" 160 267 39
4223163 70°37'85" 210 451 49
42%3's5"  70%38'23" 225 186 29
0 ) '
42°23'00" 70 40'60" 130 82 26
42°23718"  70%1%45" 155 194 37
42°21'00"  70%%2's0" 133 255 60
42922'00"  70%42'80" 160 204 55
- 42°19'00"  70%42'30" 120 628 74
42%21'20m  70%1'00" 170 1035 63
42%20%65"  70%1'10" 170 73 14
42°18'50" - 70°38'60" 175 1241 68
42%22100"  70%37'00" 210 1018 49
42%22'30"  70%39's50" 220 2685 39
42°22'00"  70°39'70" 210 1019 56
42%22'70" 70938 140" 240 829 50
42%22'50"  70°39740" 210 2029 158
42°19'70"  70%41'00" 155 #1554 36
42°19'00"  70°38'25" 170 2196 52
42°19'40"  70°38'80" 165 1766 55
(2]
42922'70" 70 38'80" 200 1190 90

40
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(ScalVIOp Dredge)

. 10 DrA  silt-rocks 9/10/73 42%23110"  70°39'50" 146 432 40
QUANTITATIVE SAMPLING
(Sm:'; th McIntyre Grab)
104 silt, sand 9/10/73 42°23'10"  70°39'50" 234 159 36
10B gravel 9/10/73 42°23'00"  70%37'70" 242 35 14
10C hard clay 90/10/73  42°20'00"  70°40'00" 265 no sample
10D silt, rocks 9/10/73  42°19's80"  70°37°'10" 215 196 29
10E silt, gravei 1 9/10/73 42°%18t40"  70%37'60" 188 388 36
'Sﬁf‘ (van Veen Grab) |
21 mud 5/14/74 42°21'50" _70038'80"' 220 474 37
T g mud s/20/76  42°21'10"  70°38'90" 220 1261 48
25 mud 6/ 8/76  42°20'80"  70%1'00" 190 2916 52
27 clay 6/23/76  42°20'00"  70°38'70" 140 1304 34
28 mud, clay’ 8/ 1/74  42°23'00"  70°38'90" 240 335 20
29 mud, clay 8/27/76  42°21'30"  70°38'80" 205 652 36
31 sand 9/ 9/74 42°21'25"  70°40' 60" 175 1022 24
33 silt, clay 0/25/74 .  42°21'90"  70°40'50" 200 228 25
34 silt, clay 9/25/74 42°21130"  70°39'65" 200 289 25
R
3

Bt



PORIFERA 122436280 b b 1o ¥ 11 12 15 18 33 26 12 19 49 20 22 22 2 26 25 26 27 28 29 30 31 23
Polymastia robusta l .—[ ’ -
Subertechipus hispldus ! . i | ,
Iophon nigricana (on Tersbratulinadl = | = elalal N - - [ '?- E
HIDARTA ik
Cerjanthus americanus - ,:; :
Edwardsis ap. - ot 1. . . i {

1
T
+ %1

Edwardsia elegans

Tealia felina ) . -

Sertularella -la

Perigonimus (on Colus shell) -
Pamjly Hydractinidae sp. -
PLATYHEIMINTHES

Discocelides ellipsocides ' ’ il B

18

NEMERTEA

Amphiporus pulcher

Cerebratulus Iuridus

Cexebratulus marginatus (7) ; -

Micrura afipis - =l ' - = - - -
Micrura sp. (pink)
Lizeus "dublus" (w/o eyes) ' -
Micrura leidyi (7)
Hoplonemertean sp.
Micrura albida

Amphiporus ep.

Palaeonemertean 8p.

SIPUNCULIDA

Phascolion styombd
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£ 11 1213 18

BRYOZOA "l 7 13 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 3 34 3%
Criais denticulatas - |- -
Crisix sp. - -
Bugula harmevogthl : -
Buguls sp. -
Mucronella pavorelia (1) -
Meshragipors €p. . .
Schiroporells sp, -
BRACHIOPODA
Terebratuling septentrionalin | - - - -
Couthouy
CHORDATA
Ascidiacea ;
Molgula sp. -] !

Boltenla ovifera

Bostrichobreachus pilularis (Verrill)

Holgula manhattensis (?)

ANNELIDA
POLYCHAETA
Aphrodiridae

Aphrodita aculsata (Linnaeus)

Polynoidae

Harsothoe spinulosa (Verrill)

Hartmania moorel Pettibone

Harmothoe lmbricata {Linna)

H. oerstedi (Malzgren)

Harmothoe 5P,




P

C | | ¢

Polynotdae (contitued) 2234356789 mHh ST 121314 15 161718 19 20 21 22 23 26 25 26 27 28 29 30 31 32 33 3 35

Arctechis anticostiensis (McIntosh) -

Aptinoells suguste (Verrill) -

gattyann smondseni (Malmgren} - -

"
Harmothoe extequate var. procioqua
(Grube)

!
Sigaliontdae
Pholoe miguta (Fabricius) ol a I O -

Euphresinidae

Buphrosine borealis Osrsted - -

Phyllodocidae

Fhyllodoce Zrenae -

P, maculara (L.) o eloelelw - -
P. mucogs Qersted -] - - - - -f- [ I . - - |-
Eteone longa (Pabriciua) - -

Et. flava (Fabricius) -

Eulalia bilfnrsra Johoaton - I

2. viridis (0, F. Muller) -
Euvaida sengpines (Darsted) 1=
Puyllodoge groenlendica Carsted - -
Syllidse
Syllie spongiphtla Verrill -

S. gorputa Rathke
Nereidae
Kerels pelagies Linnd -
Lycastopsis pontica -
Hephtydae
Nephtye faciss - -l f- -1 {-1- Y T Y S N -

" .
K. ciliata (0. P. Muller) -l - - PR o lmlele]- - - g - - - |

B_.Em.p_l_mtug‘ -l- - - wlelglal=|{=]=|" - elot ] alagl=lo|e|w]=-




St
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N

Sephtydae (continued) 1 23456789 10Db b 121014 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30,31 32 33

Aglaophamus circinata (Verrill) - - -
A. macruola (?) Schwarda -
Goniadidae

Confada maculata Oersted - - -

Glyceridae

Glycera capita Oersted - - wlw|m . - -
Eunicidae

Eunice peanata -| - o!lal= - . -
Sphaercdoridae

i

Sphaerodoridium minutum i -
_ Lumbrineridae :

Lucbrinerls frag{lis (0. F. Muller) -

L. JSzpsatiens nllour;de -

L. tenouls Verrill - - - -

L. acuts (7)

L]
Nieoe snigripas Verrill - - - Y - w|mke- - ] - ~f - - -1

1
!
Orbi{aniidae : ;
i

Scoloplos acutus ] - - =fewfm .

: !
Scoloplos sp. - ‘ b

Spilealdae

‘Scolelepides virldis (Verrill) - L

|
-
|

- (M = &

L1
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Polydora cauvlieryf, Mesail - I
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Polydora ap.
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Prionospio malmgreni, Claparide . - *?ivlelefala siainlsefonio el ™

Laonice clrrata (Sars) - - -

Clrractulidse i .o

Chactorone setosa, Malmgren -l= - sl.le
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'Cl rratulus grandfs Verrill

. Maldane sarsi Malmgren

Ccirratulidae (concinued)

p 5.

Ci{rratulid sp.
Flabelligeridae

Pherusa plumosa (‘H::Iler}
Pherusa affinle (€3]
Pherusa sp.

Brada granulosa, Haasen

Brada sp.

bDiplocirrus hirsutue (Hznsen)

Scalibregmidae

Scalibregma inflatum Rathke

Opheliidee

Ammotrypane aulogaster Rathke
Maldanidae

Praxillella grac.llis (Sars)

(Malmgren)

P. practermissa
Praxiilella sp.

Axigthells catenaca {Malmgren)

Nicomache lumbricalis (Fabricius)
Haldanid sp.

Paraonidae

Aricidia quadralobats (Webster and
Benedict

Pectinariidae

Pectinaria hyperborsa (Malmgren)

I
P. granulats (Lione)
Apistobranchidaa

Aplatobraaschus tullbergt
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Ampharetidae 1 2 3 4 5 6 2 8 510101010130 31° 32 33 16 15 16 37 18 19 20 21 22 23 24 25 26 27 28.29 30 31 3233 36 35 ‘x- -
Melinna cristata {(Sars) - - P . - - - - :. ;
Ampharetidae 3p, - - -- - - %;
Aspharete Arctien Malmgren - - - - PO
Terebellidae ' T
- koL
Pists pagulers (Dalysil) - ' T
" v, i
Pigta cristata (Huller) - - - -l - - - _ :j h
. j.-. "- PR
Thelepus clocinatus (Fabricius) sl = - -] - elale - R IS
Terebellides stroemi Sars - : - (P [ | - - - ’.‘:‘ s
o,
Polycirrus eximius (Leidy) - - aoon
Awphitrite clrrata (H:;lhr) - -,'."-".‘ S
' o,
Polvcirrue sp. - - ‘ 'y
s N
Streblosoms intestinalis Sars : - "_ 2%
Irtchobranchus glacizlis Malmgren -
Sabellidae
Eg;t_:_hone rubrocincta (Sars) -f o
Potamillas reaiformis (Leukhart) | - - - - . b
Potamilla neglecta - - 2.
Potamilla ap, - i
 Myxicola infupdibulum (Montagu) : ' t' : :‘{_
Sabella crassicornis Sars ‘ - - ‘?f
Chone infundibuliformis Kréyer - : -~ : g ¥
) !; N
Serpulidae ) - .
Hydroldes uncinata (Philippi) = [oee o ool s ~, i
3
$pirorbis boreslis Daudin - oee| w - ele N P - A
-’:"
S$pirorbis granulatus (Linnd) - P I T
Sternaspidae
Sternespis scutaté (Ranteni) - - - -] e e slofeflalo|s|ela -|e alm - R
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MOLLUSCA
PELECYPODA
Apomia aculeata Gumelin
Anomia simplex Say
Arctica islandica (Linn.)
Astarte borealis Schut::

Astarte subequilatera Sby.

Astarte undata Gould
Ceragtoderma pinnulatus (Cotirad)

n a
Chlamys islandicus (Muller)

Crenella glandula (Toé‘ten}
Bilatella arctica (Lin:;.)
Macoma palcarea Cmelin
Modiolus modiclus (Li'::n.)
Musculus niger (Gray)f
Huculs delphinodonta, Mighels & Ad
Ruculz teouis (Montagu)

Nuculans tenuisulcata {Couthouy)

Periploma fragile (Totten)
Thyasira gouldi (Phil)

Venericardia boreslis (Conrad)

Yoldia sapotilla (Gould)

GASTROPCDA
Alvania carjpsta, Mighels & Adams
Aporrhais occidentalis Beck

Buccicum totteni (7)
Buccimm undarum Linn.

Colus pygraea (Gould)
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gn'om , {continued)

Criichas alba (Browm)

Epitonium greeplandicum (Perry)
Lepeta caecs (duller)

Lora pleurotomaris Couthouy

Lora scalaris maller)

Lora ap.
Lunatia heros Say

Lupatiz levicula Verrill

Lunatin p.
Marparites groeclandicus (Gmelin)
Margarites usbilicus (Brod, & Sow.)

Nasearius trivittatus (Say)

- Narica clsusi Brod. & Say

Neptunsa decencostata (Say)
Odostowia sulcosa (Migh.)

Oeagpota coaclanula (Varrill)

Oenopote pyrszidalis (Strém)

Philips figearchis Sars

Puacturella scachipa (Line.)
Retuce obtuse (Mootagu)
Trichotropis borealis Bred. & Say
Yelutina lasvigets {Limn.)
Dpilige lima (Browa)
Tachyrhyochus erosum {Couthouy)

APLACOPSORA

Chastodermn
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AMPHINEURA

Ischnochiten &lbs (Lina.)

SCAYHOPODA

Dentalium

ARTHROPODA
CRUSTACEA

Ralanus balancides (L.}

Balanus balanus {(L.)

Aeginina longicorals (Kréyer)

Ampelisca macrocephala Lilisborg
Aspelisca sp.

Anonyx 1iljeborgi Boeck
Byblis serrata Smith

Calathura pnorveglca

Casco bigelowl (Blake)

Dlastylus ebbreviata {?)

Digetylus aculgta.

Diszstylus guadreapinoza
Diastylue sp.

Dichelopandalus leptocerus
Eriéhthoniue buoter: (Sp. Bace)

Eudorells emarginata (Kréyer)
Eudoreila hirsuts (Sars)

Budorells truncatula Sp. Bats

Camoarus gonulatus Saith

Halimadoo ujl;ert.— Boack

Haplocse bisdcola Liljeborge
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RUSTAA (conttaedd . 12345 628 9 {535 BT 11213 18 15 2617 38 19 20 21 22 23 24 25 26 27 20 29 30 31 32 31 38 33

leziﬂll zroainm!! sﬁrs el - ajwfela @l fm| wf = - ’ YA clola|le =| 9 wlal|l= - '-.:

Hippomedom serratus (1) Holies - : el 't - - . -

Hoploayx leucophthalius Sard - . k
Ischyroceros anguiped naye_e — . -
Leptecheirus pinguis (Stitpson) - - " il . . Al N .

Leptostylis ampulizces (Lii_ljabﬂrg) ‘

Leucos nasicoides (73 ‘ - vl

Leucon sp. - - ¢}l = - - - -1 -l wie - r
Melita deatate (?) Ridyer) ' - - - |
Helphidippa lgimﬂléf{co:l) i -
Monoculoides sp. - - -
Mys(s aixta - te]-iele] {-]- .- -
Leptoscylis sp. . - ‘- - n
Pagurus pubescecs el wl - ale. - o|lw|a|ajalja|le| al - - - - M .
Peguroid glasucothos pocte~larva - A - )
Parcedicaros lynceus {(Sars) ool aflw -lw :
Penssus »sp.
Crangon septans - ) wle - Y

Petalogarsia declluis Sers ' -

Pleustes pssoplus (Kréyoxr) -
Ehacotropis -ivulste (Hansen) - -
Spirontocaris sp. -
E¥2a agpagsus - -
Byas coarctatug -

o = " . : !
Syrrhce erenslata Goes . al=l= . - -

Unciola {trorata Say - - - . P I - - - . v

Unciols dissfuilie (1) Shoem - -

Uncicla ap. - .

e
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CRUSTACEA (continued)

Corophiws crassicorne (7} Brazelius
Anphipod ap. A

Isopod sp. A

Isopoed sp. B
Isopod sp. €
Isopod ep. D
Tanaid sp. A
Idotea (2) sp.
Gemmagus sp.

Zpelys sp.

Cancer sp. immdture
Mscops op.

By CROCOTIDS

Mysphon grogeipes
Ersphon leagitarse
Byuphon #p.
Phoxichilidium max{ilare
Pycoogonida gp.

ECHINQDATAATA
Ctencdiscus crigpatus
Beoricia sanguinolenta

Elppasteris phrygiscs
Solaster (Crosssster) papossus

LeptasterfS teners

Asterias vulparis
Opbiura saraf
Ophiiura robusta
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ECHINGOERMATA (continued) 123456789 HhHd 10 T&u 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 31 34 1%
Ophiopholis aculeata - POl PR S 2 I . ™
- - | - - - - - )

Echinarachaius parma ..:
. - ":

Strongylocentrotus droebachiensis ol o] - o wla]a - Y
- - - -

caudina arenata . ) '
Immature Afteroidea - wlel. - . . By
Immature Ophiuvroides - P I - ) oleolel .1
Immature Rolothurofdea .
it

el




